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Colorectal adenocarcinoma with enteroblastic differentiation 
(CAED) is a rare subtype of colorectal adenocarcinoma with ex-
pression of enteroblastic markers including glypican 3 (GPC3), 
Spalt like transcription factor 4 (SALL4), and α-fetoprotein 
(AFP) [1]. The incidence of CAED compared with other types 
of colorectal carcinoma (CRC) have been reported to be 0.72% 
[1]. Many cases consist of cells which have a clear cytoplasm, but 
some cases present with eosinophilic cytoplasm, while others may 
be poorly differentiated. The unifying characteristic for these dif-
ferent phenotypes is the expression of at least one enteroblastic 
marker by the tumor. 

In contrast to the conventional type, gastrointestinal adeno-
carcinoma with enteroblastic differentiation tends to be aggres-
sive with frequent lymphovascular infiltration, metastasis to the 
liver, and lymphatics. This corresponds with a poor prognosis 
[2,3]. Most AFP-producing tumors are reported to arise from or-
gans of the foregut endoderm such as the stomach, bile duct, and 

pancreas [4]. However, AFP-producing colorectal adenocarcino-
ma is extremely rare, possibly because the colorectum originates 
from the hindgut endoderm [4,5].  

AFP is an oncofetal glycoprotein produced by the fetal liver, 
yolk sac, and a small amount from the fetal gastrointestinal epi-
thelium [6]. Serum levels are elevated after birth but decrease 
significantly by the second year of life [4]. Thus, an increase in se-
rum AFP is abnormal in adults as it is produced by certain tumors, 
making it a useful tumor marker for the diagnosis and monitor-
ing of treatment [7].

In addition to AFP, the oncofetal proteins GPC3 and SALL4, 
expressed in germ cell tumors, are immunohistochemically asso-
ciated with AFP-producing gastric cancers and their related coun-
terparts. Other markers include cytokeratin (CK) 7, CK 20, and 
caudal-type homeobox 2 (CDX2) which aid in differentiating 
between tumors of the breast, gynecological tract, liver, and lung 
origin [8].
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Here we present a case of chemo-refractory CAED in a young 
female who initially presented with multiple liver lesions, and a 
mass in the sigmoid colon, with diagnostic considerations of a 
primary hepatocellular carcinoma (HCC), germ cell tumor, and 
CAED, and the use of ancillary diagnostic techniques in arriving 
at the correct diagnosis. 

CASE REPORT

This is a case of a 26-year-old female who presented clinically 
with a history of low backache and constipation, which persisted 
despite supportive measures. Imaging studies revealed multiple 
liver lesions, with enlarged retroperitoneal lymph nodes. Tumor 
markers at presentation included an AFP of 39,493 ng/mL, car-

cinoembryonic antigen of 3,040 ng/mL, cancer antigen (CA) 
19-9 of 621 U/mL, and CA 125 of 42 U/mL. 

A biopsy of her liver nodules was performed and histopatho-
logic review of tissue sections revealed segmental necrosis with 
infiltrating adenocarcinoma (Fig. 1). The tumor cells had mod-
erate amounts of mostly granular eosinophilic to focally clear 
cytoplasm (Fig. 2A) and nuclei with densely homogenous chro-
matin and occasional inconspicuous nucleoli (Fig. 2B). Immu-
nohistochemistry (IHC) revealed that the tumor cells were im-
munoreactive for AFP (Fig. 3A), Sal-like protein 4 (Fig. 3B), 
CK20 (Fig. 3C), and showed strong diffuse immunoreactivity 
with CDX2 (Fig. 3D). Hepatocyte specific antigen was also pos-
itive on IHC. However, CK7, PAX8, and S100 were all negative. 
A colonoscopy performed subsequently, revealed a mass in the 
sigmoid colon and biopsy of this mass revealed a similar histol-
ogy as that seen in the liver (Fig. 4A–C). IHC expression in the 
colonic tumor showed similar expression as that in the liver. Con-
sidering the fact that CDX2 positivity would be unlikely in a 
primary HCC, a diagnosis of CAED was favored based on a com-
bination of serum tumor markers, tumor morphology, and IHC 
expression in the tumor cells. Additional testing performed on 
the tumor cells include human epidermal growth factor receptor 
2, which was interpreted as equivocal (2+) on IHC and negative 
by fluorescence in situ hybridization. KRAS mutations were iden-
tified in the tumor cells, but programmed death-ligand 1 (PD-L1) 
was negative. IHC stains for mismatch repair (MMR) proteins 
MLH1, MSH2, MSH6, and PMS2 showed no loss of expression 
(no evidence of MMR deficiency). She was commenced on tar-
geted therapy including FOLFOX (leucovorin calcium [folinic 

Fig. 1. Liver mass biopsy showing infiltrative malignant glands and 
a focus of necrosis is also seen. 

Fig. 2. (A) Higher magnification of hepatic mass showing cells with moderate amounts of mostly granular eosinophilic to focally clear cyto-
plasm (arrows). (B) Higher magnification of hepatic mass showing tumor cells with moderate amounts of mostly granular eosinophilic cyto-
plasm and inconspicuous nucleoli (arrows). 
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acid], fluorouracil, and oxaliplatin) and bevacizumab. However, 
with suboptimal improvement in her clinical disease, a second 
opinion was sought.

She underwent additional imaging studies which revealed new 
satellite lesions in the liver and previously undiscernible lesions 

in bilateral ovaries, which was highly suspicious for advancing 
metastatic disease. With the discovery of new lesions in the ovary, 
her previous biopsies from the liver nodules and colonic mass were 
re-reviewed and a diagnosis of poorly differentiated carcinoma, 
most suggestive of yolk sac tumor was rendered in the original 

Fig. 3. Immunohistochemical stains show that the tumor cells are immunoreactive for α-fetoprotein (A), Sal-like protein 4 (B), cytokeratin 20 
(C), and CDX2 (D).

Fig. 4. (A) Biopsy of sigmoid colon mass showing infiltrative malignant glands. (B) Higher magnification of colonic mass showing cells with 
moderate amounts of mostly granular eosinophilic to focally clear cytoplasm (arrows). (C) Higher magnification of colonic mass showing tu-
mor cells with moderate amounts of mostly granular eosinophilic cytoplasm and a cell with inconspicuous nucleolus (arrow). 
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liver and colonic tumor specimens. Other differentials that were 
considered included a mixed germ cell tumor or teratoma. She 
was commenced on chemotherapy for germ cell tumors (cisplatin, 
etoposide, and bleomycin) but showed disease progression on 
imaging studies. This prompted a decision to send the specimens 
from the liver and colon for tumor gene expression profiling by 
next-generation sequencing (NGS). NGS identified several patho-
genic variants including MUTYH (exon 13, p.G396D), TP53 
(exon 5, p.R175H), and KDM6A (exon 16, p.S532fs). Addition-
ally, estrogen receptor and progesterone receptor by IHC were 
both negative. Based on the constellation of clinical findings and 
test results, a diagnosis of CAED was upheld and she is being 
evaluated for autologous transplant for chemo-refractory CAED.

DISCUSSION

The incidence of AFP-producing gastric carcinoma has been 
documented to be within the range of 1.3%–15% worldwide 
with the incidence of the colorectal variant being significantly 
lower compared to the gastric [9]. This was first reported by Na-
kajima et al. in 1985 [10]. Prior reports suggest that CAED is 
more common in males and tends to be located in the left colon 
[1,2]. 

Furuya et al. in their case report in 2011 reported the first case 
of primary AFP-producing clear cell adenocarcinoma of the co-
lon in an 81-year-old man, which is considered extremely rare 
when compared to that of gastric origin [11]. They made a dis-
tinction between a primary colonic tumor and metastasis from 
the gynecological tract or other organs by whole-body computed 
tomography (CT) and immunostaining. CT results revealed tu-
mor deposits in the colon and lung only with CK7 negative and 
CD20 positive immunoreactivity [11].

Histologically, the tumor cells display a spectrum of morpho-
logic patterns. One report describes tumor cells that displayed 
typical adenocarcinoma morphologies composed of cuboidal or 
columnar cells with clear cytoplasm resembling the primitive gut 
[12]. The enteroblastic component was seen occurring concur-
rently with typical well or moderately differentiated tubular ad-
enocarcinomas [12]. Another report describes the tumor’s mor-
phology as characterized by a solid-type poorly differentiated 
carcinoma, mainly composed of eosinophilic cells with focal glan-
dular differentiation on hematoxylin and eosin stains [13].

Our patient is a young, 26-year-old female, an interesting de-
mographic in contrast to most documented cases of CAED. Her 
primary tumor was located on the left side (sigmoid colon) with 
multiple liver, nodal, and bilateral ovarian involvements war-

ranting the diagnostic consideration of mixed germ cell tumor 
especially with unresponsiveness to conventional chemotherapy. 
However, with tumor progression on imaging following the ad-
ministration of chemotherapy for germ cell tumor and the IHC 
profile, a diagnosis of chemo-refractory CAED was ultimately 
favored, based on the constellation of clinicopathologic findings 
and results of gene expression of the tumor cells by NGS. Of 
note is that the MUTYH gene encodes a DNA glycosylase in-
volved in oxidative DNA damage repair and mutations in the 
gene predispose to colon and stomach cancers. A germline mu-
tation in TP53 predisposes to multiple cancers, including colorec-
tal cancer.

Clear cell changes were proposed by Eloy et al. [14] to be a re-
sult of degenerative changes with an accumulation of cytoplas-
mic lipid-like material and not necessarily the accumulation of 
cytoplasmic glycogen and mucin. Therefore, mucin and glycogen 
may go undetected in some cases of CAED [14]. In our case, we 
observed mostly eosinophilic granular cytoplasm, with only a fo-
cal clear cell component (Fig. 2).

AFP production in gastric carcinoma was suggested by Matsu-
nou et al. [15] to be due to a form of retro-differentiation towards 
fetal intestine as clear cell carcinoma with morphology similar 
to the developing gut epithelium, or fetal hepatocytes, i.e., hepa-
toid carcinoma. AFP-producing colorectal cancers are generally 
observed to be poorly to moderately differentiated, a histological 
characterization that makes it different from AFP-producing gas-
tric cancers which are commonly poorly differentiated. However, 
both rapidly progresses and metastasizes frequently to the liver 
with a poor prognosis [4]. Poor differentiation, deep submuco-
sal invasion, lymphatic invasion, vascular invasion, or a positive 
resection margin are risk factors for lymph node metastasis in 
submucosal colorectal cancers [16].

Due to limited data on CAED, only very few studies and case 
reports have documented the results of ancillary studies including 
genomic [1,13] and microsatellite instability (MSI) characteristics 
[1]. One study reports an MSI-high rate in CAED of 12.2% [1], 
which is almost similar to that reported in conventional CRC 
[17]. The tumor in this case showed intact expression of MMR 
proteins (MLH-1, PMS-2, MSH-2, MSH-6) by IHC in CAED. 
NGS analyses from one study revealed that the most frequently 
mutated gene in CAED is TP53, at a rate of 52.4% [1] which is 
almost similar to the TP53 mutation rate in conventional CRC 
[18,19]. The KRAS mutation from the same study was reported 
at 27.6%, similar to the rate in conventional CRC [20]. We de-
tected a KRAS mutation in our CAED case; however, PD-L1 was 
negative. Other mutated genes that have been reported in CAED 
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include APC (44.8%), BRAF (20.7%), NRAS (17.2%), and 
PIK3CA (17.2%) [1]. We recognize the limitation of this case 
as diagnosis relied on biopsy specimens from the colonic and liver 
tumors. However, given the advanced stage at disease presenta-
tion, neoadjuvant treatment modalities were pursued for possi-
ble disease control before surgery. 

There are no specific treatment guidelines yet for patients with 
AFP-producing colorectal cancers. Therefore, treatment regimens 
are employed according to multiple guidelines and personal ex-
perience. Most will undergo the conventional treatments for 
colorectal cancers which include surgery and chemotherapy with 
many dying within a year of initiating therapy [21]. Our patient 
is being evaluated for autologous stem cell transplant following 
disease progression on standard chemotherapy for conventional 
CRC and germ cell tumor.  

In summary, CAED is a rare subtype of CRC with poor prog-
nosis and poses diagnostic difficulties on account of its clinical 
and histopathologic similarities to primary HCC and germ cell 
tumors. Ancillary diagnostic modalities including gene expres-
sion profiling in the tumor cells by DNA sequencing techniques, 
may be necessary to correctly diagnose this entity, especially in 
challenging cases as was encountered in this case. Therefore, pa-
thologists need to be aware of this rare tumor, as a missed diag-
nosis could significantly impact the clinical care and outcome 
of patients. 
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